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By analogy with electrostatic field, a simple analytic model is presented on the distribution of magnetic field inside a test material as a result of surface inspection with a magnetic probe. According to this model, the penetration depth of the magnetic field is defined and the permeability of the material at. different depths is caIculated. Finally, the magnetic flux inside the inspection head when placed on samples of different. thicknesses is calculated and compared with experimental results.
I. INTRODUCTION
Surface inspection of properties of magnetic materials by a two-pole magnetic surface sensor is a useful and practical method, especially in the field of nondestructive evaluat.ion. In the past, work has been done in the detection of fatigue damage,' creep damage," and stress effects3 by this method. However, due to the discontinuity of the magnetic circuit and nonuniform distribution of magnetic field inside the test material, this technique is handicapped by the practical problem of calculating the intrinsic magnetic properties of the test material from such a measurement. This article discusses a means to solve this problem by presenting a simple model of magnetic field distribution inside a material and then gives a method of calculating permeability of the test material at different depths. Also, the magnetic flux inside the inspection head is derived and compared with experimental results.
II. MAGNETIC FIELD DISTRIBUTION
By contacting a two-pole magnetic inspection head, which has a power coi1, flux coil, and Hall plate, on a test material (see Fig. 1 ), a magnetic circuit is formed. The field distribution inside the material affects the magnetic. measurement. Due to the discontinuity of the magnetic circuit at the interface of the inspection head and test material, we can consider that surface magnetic charges are formed. This problem is similar to the electric field distribution inside a material due to two electric charges and, therefore, the two calculations can be treated as analogous.
If the thickness of the test material is very large compared with the distance between the two charges, then the boundary condition for field distribution on the far surface can be approximately treated as lim H(R) =O.
(1) R-.Bj Thus, the magnetic field in the half-space of test material is
wherep (in units of A m) is the magnetic pole strength. If the inspection head is aligned on the x axis, then the field on they axis in the lower half-space is
where H(0) is the surface field when y=O.
Ill. FIELD PENETRATION DEPTH AND AVERAGE PERMEABILITY
From Eq. (3), it can be seen that magnetic field is not uniform inside the test material. It decays when y increases. The penetration depth lP is defined as the distance by which the magnetic field has decayed to l/e of its surface value. From this definition of penetration depth, H(Z,) = (l/e)H(O), it is found that IP==0.?7&z--a. Clearly, the penetration depth of the field depends on the distance between two poles of the inspection head and is about half of the pole separation. This is a useful practical result for designing inspection heads for different depths of penetration.
The permeability p of ferromagnetic materials varies as a fun&ion of magnetic field during initial magnetization as shown in Fig. 2 . This also shows magnetic field as a func- 
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,. /.' ; I P-H ,,"../' f H<"b'9 "---. tion of distance below the surface. Clearly, in surface magnetic inspection, p is a function of y. An average permeability /&aus is defined on Fig. 2 so that ~.&Z(O) equals the area under the p (Iri) curve from 0 to H(0). It can be seen that /+ depends only on H(0). Here we define a dimensionless parameter /3 such that where & Bh, and Ah are flux, flux density, and area of inspection head, k is determined by the configuration of inspection head and its value is less than unity due to flux leakage from the inspection head across the two legs of the c core. From Eqs. (7) and (8), we can obtain
Clearly, /3 is determined by H(0) and will be a constant if we keep N (0) 
The magnetic flux passing through the test material in the y-z plane is $= j; B(y)dA= J^* B(y)wdy,
0 where t is the thickness of the test material in they direction and w is average width of flux distribution in z direction, which is mainly determined by the width of the inspection head. So,
If the magnetic properties of the test material are not uniform, then by changing the length of inspection head 2a and keeping H(0) fixed, the permeability of the material subjected to the same magnetic field at different depth can be measured. From Fig. 2 it can be seen that if H(0) is fixed, then pLaVs is unchanged, and so are fi and corresponding H(/3a). From a surface inspection B, and a(O) can be measured. According to Eq. (9), permeability at depth flu is
For the magnetic circuit in such a surface inspection, it is found that the flux inside material is a constant times the One direct result of this analytic model of magnetic field distribution is Eq. (9) which gives flux density inside the inspection head as a function of thickness I of test material and pole separation 2a. Experiments were performed on a set of samples with different thickness. Bh was measured while H(0) was kept fixed. Experimental data were then fitted using the theoretical function: y/(a2 +y2) Ii.2 for two different inspection heads of pole separation of 2a= 31.8 mm and 2a= 19.0 mm, respectively. For an inspection head of 2a= 31.8 mm, H(y) was also measured and data were fitted by a l/(a'+yZ)3" function according to Eq. (39. Data are presented in Table I A theoretical equation for magnetic field distribution in a material due to a surface magnetic dipole is presented in this article. According to this model, the average permeability is delined and the permeability of the material as a function of depth is czllculated. The relation between the flux density inside the inspection head and the thickness of test material has been derived and experimentally tested. By modeling the field distribution inside the material, a better means of calculating the magnetic properties of the test material is expected in the future. Also, a finite element method of field calculation should be undertaken eventually to cheek and improve this model in order to get a more realistic field distribution.
